A wavelength converter is presented that is made out of a semiconductor optical amplifier and an optical bandpass filter. Error-free inverted wavelength conversion is demonstrated at a bitrate of 80 Gbit=s. This approach can be exploited at higher bitrates. A clear open eye indicating error-free wavelength conversion at 160 Gbit=s is also presented. This wavelength converter has a simple configuration and allows photonic integration.
Introduction: All-optical wavelength converters that utilise nonlinear gain and index dynamics in semiconductor optical amplifiers (SOAs) have attracted considerable research interest. In current SOA-based wavelength converters, the relatively slow recovery of the carrier density (typically several hundred picoseconds), dominated by the electron-hole recombination time, limits the maximum operating speed. A number of technologies have been used to improve the bandwidth of SOA-based wavelength converters. A fibre Bragg grating (FBG) [1] and a waveguide filter [2] have been used to increase the frequency response of an SOA. Wavelength conversion at 100 Gbit=s has been achieved by using a long SOA (2 mm) in combination with a FBG [3] . Differential Mach-Zehnder interferometers with SOAs in both arms have been used to realise fast wavelength conversion [4] . In [5] , a delay-interferometric wavelength converter has been demonstrated, in which only one SOA is utilised. In this Letter, we present a wavelength converter that is made out of a single SOA and an optical bandpass filter that selects the blue-shifted sideband of the converted light. Such a configuration speeds up the recovery of the system. We demonstrate error-free and patternindependent inverted 80 Gbit=s wavelength conversion. We also present a clear open eye-diagram at 160 Gbit=s, indicating that error-free wavelength conversion at 160 Gbit=s is feasible. Note that a similar configuration has been employed to realise polarisationpreserving wavelength conversion at 40 Gbit=s [6] . In that paper, a low-power (À12.25 dBm) data signal is injected into an SOA that operated in the linear regime. This differs from our approach, where the SOA is operated in deep saturation. Moreover, in our experiments the converted signal is inverted whereas it is non-inverted in [6] . 
Experiment and results:
The experimental setup is shown in Fig. 1 . A 10 Gbit=s data stream with 2.5 ps-wide optical pulses, generated by an actively modelocked fibre ring laser, is modulated by an external modulator (MOD) at 10 Gbit=s. Thus a 2 7 À 1 return-to-zero (RZ) pseudorandom binary sequence (PRBS) is formed. This data stream is multiplexed to 80 Gbit=s by using a passive fibre-based pulse interleaver. The 80 Gbit=s RZ-PRBS data signal is combined with a continuous wave (CW) probe light and fed into the SOA via a 3 dB coupler. The average optical power of the 80 Gbit=s data stream that is injected into the SOA is 5.2 dBm while 2.8 dBm of CW probe light is injected into the SOA. The centre wavelengths of the 80 Gbit=s RZ data signal and the CW probe beam are 1549.78 and 1561.22 nm, respectively. The SOA (manufactured by JDS Uniphase) is a commercially available strained bulk device with an active length of 800 mm. The SOA is pumped with 400 mA. The optical bandpass filter in the wavelength converter has a 3 dB bandwidth of 0.72 nm. After wavelength conversion, the converted signal is demultiplexed from 80 to 10 Gbit=s by using a gain transparent ultrafast nonlinear interferometer (GT-UNI), which is capable of demultiplexing a data signal from 160 to 10 Gbit=s. The demultiplexed 10 Gbit=s data signal is fed into a 10 Gbit=s receiver and a bit-error-rate (BER) tester. In the SOA, the injected 80 Gbit=s data signal modulates the SOA carriers, and thus the SOA gain. As a result, the CW probe light is modulated via cross-gain modulation. Therefore, inverted wavelength conversion takes place. Moreover, the injected data signal also modulates the refractive index of the SOA, resulting in a chirped converted signal. The leading edges of the (inverted) converted probe light are red-shifted, whereas the trailing edges are blue-shifted [6] . As a consequence, the spectrum of probe light at the SOA output is broadened, which is shown in Fig. 2a , measured by an optical spectrum analyser (0.02 nm resolution). The optical bandpass filter that is placed at the SOA output selects the blue-shifted sideband of the probe light. The filter characteristic is indicated by the dashed line (experimental measurement) in Fig. 2a. Fig. 2b shows the optical spectrum of the probe light at the output of the optical filter. The inverted 80 Gbit=s signal is monitored by using an optical sampling scope (Agilent 86119A) with an optical measurement bandwidth up to 700 GHz. The result is presented in Fig. 3a, where a clear open eye-pattern is shown, indicating the insignificance of pattern effects. It should be noted that the lower level of converted signal reaches the ground level, which means that the converted signal has a good extinction ratio. This is in contrast to the results presented in [1] . Fig. 4 shows BER measurements of the 80 Gbit=s input signal and the converted signal. All the 8 10 Gbit=s tributaries are presented in Fig. 4 . As a reference, the 10 Gbit=s basic channel that is multiplexed to 80 Gbit=s is also presented. The 80 Gbit=s data stream is firstly demultiplexed to 10 Gbit=s signal and subsequently evaluated. All eight 10 Gbit=s tributaries are presented in Fig. 4 . It can be seen that the average sensitivity penalty at a BER ¼ 10 À9 is about 3 dB. Moreover, it is visible that no error floor is observed, which indicates excellent performance of the proposed wavelength conversion. It should be noted that the SOA gain recovers in 150 ps, which indicates that conventional wavelength conversion based on crossgain=phase modulation only allows bitrates less than 10 Gbit=s. We have achieved a much higher operating speed. The crucial point in our approach is to utilise an optical bandpass filter to select the blue-shifted sideband of the converted probe light. Numerical simulations using the SOA model presented in [7] indicate that in our approach filtering the blue-shifted sideband of the converted probe light is equivalent to utilising carrier-phonon interactions for the SOA recovery (the slow effects driven by electron-hole recombination are filtered out), which leads to an effective recovery time of less than 4 ps for the system. This view is confirmed experimentally by using the 700 GHz optical sampling oscilloscope. Our results also indicate that this principle allows wavelength conversion at higher bitrates. Fig. 3b shows a clear open eye at 160 Gbit=s operation, indicating that error-free wavelength conversion at 160 Gbit=s is feasible.
Conclusions:
We have demonstrated an 80 Gbit=s error-free inverted wavelength conversion by employing an SOA with a recovery time of more than 150 ps. The essential point in our approach is to employ an optical bandpass filter to select the blue-shifted sideband of the spectrum of the probe light. Our results imply that the electron-hole recombination time (typically several hundred picoseconds) limiting the operating speed of the SOA-based wavelength conversion can be suppressed. The SOA-based wavelength conversion can achieve much higher operating speed. A clear open eye-diagram at a bitrate of 160 Gbit=s is also presented, indicating possible error-free operation for 160 Gbit=s. This wavelength converter has a simple configuration, and allows photonic integration.
